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TITLE 

METHOD AND APPARATUS FOR CALIBRATING LASER 3D DIGITIZING 

SENSOR 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method and 
apparatus for calibrating a laser three-dimensional (3D) 
digitizing sensor, and in particular to a method and 
apparatus for calibrating a laser three-dimensional 
digitizing sensor having the advantages of simple 
operation, high accuracy and low cost. 
Description of the Related Art 

Optical triangulation systems are widely used to 
calibrate three-dimensional space. Such calibration 

systems are applicable in the fields of machine vision 
and automatic optical inspection, particularly for 
manufacturing or assembling processes. Conventional 
calibration of a three-dimensional space is usually 
expensive due to complicated processes which require high 
accuracy. Therefore, it is important to provide a 

precise calibration system with high accuracy, simple 
operation, and low cost. As shown in FIG. 1, a 

conventional three-dimensional measurement system 
comprises a laser emitting device 1, a first optical 
calibrating set 11, an optical sensor 2, a second optical 
calibrating set 21 and an object 3. Light emitted from 
the laser emitting device 1 passes through the first 
optical calibrating set 11 and is projected onto the 
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object 3 forming a bright point thereon. The optical 
sensor 2 is similar to a camera generating a digital 
image by capturing the reflected light passing through 
the second optical calibrating set 21 from the object 3. 
Thus, the 3D coordinate of each point on the surface of 
object 3 can be determined and a complete 3D model can be 
reconstructed by 3D scanning technology. However, 
complex parameters and computing processes are inevitably 
considered and involved during the translation of the 
digital image data to 3D coordinates. Particularly, when 
using different optical components to obtain an accurate 
measurement, it may be difficult to perform the complex 
processes such as camera parameter estimation, lens 
distortion compensation, coordinate translation, and 
laser parameter estimation. Therefore, it is usually 
expensive and complicated to perform conventional 
calibration of a three-dimensional space as mentioned 
above . 

To address the disadvantages of conventional 3D 
calibration, a related art has been disclosed in U.S. 
patent 4,925,308 entitled "Calibrat ion of Three 
Dimensional Space" based on the traditional optical 
triangulation measurement. The calibration of U.S. 

patent 4,925,308 utilizes a calibrating block in a 
Cartesian X-Y-Z coordinate system, wherein the block has 
three flat plates respectively in accordance with XY, YZ, 
and XZ planes perpendicular to each other. To perform 
the calibration, the optical sensor is preferably sloped 
at 45 degrees to the flat plates. The calibration the Z 
axis is accomplished by translating the light projected 
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on the XY plate. Similarly, the X and Y axes can also be 
calibrated by translating the light projected on the YZ 
and XZ plates. 

The calibration of U.S. patent 4,925,308 is applied 
to a point scanning laser sensor only, however, the 
present invention can provide a calibration method and 
apparatus for a line scanning laser sensor. In U.S. 
patent 4,925,308, reflective conditions and plate 
flatness dominate the accuracy of measurement, 
appropriate compensation and modification processes must 
be employed such that it is more difficult and 
complicated to calibrate the three-dimensional space. 
Moreover, the laser sensor is usually sloped by 
suspension such that it is difficult to install in a 
large-sized sensor such as a body scanner. The 
calibration of U.S. patent 4,925,308 requires a precise 
positioning system including a high accuracy linear 
translating platform and flat plates which occupy a large 
area and are expensive. 

To address the disadvantages of the conventional 
calibration system as mentioned above, the present 
invention provides a method and apparatus for calibrating 
a laser three-dimensional (3D) digitizing sensor with 
simple operation, high accuracy and low cost. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
method and apparatus for calibrating a laser three- 
dimensional (3D) digitizing sensor having the advantages 
of simple operation, high accuracy, and low cost. First, 



Client's ref . : 910027 /2003-07-07 
File: 0338-8511usf / tklin / steve 

a three-dimensional coordinator X-Y-Z is defined and a 
calibrating surface is provided. Second, a first mapping 
table of a two-dimensional digital image to the Z axis is 
established by translating the calibrating surface along 
the Z axis. Subsequently, the calibrating surface 

rotates along the Y axis in a predetermined angle and 
translates along the Z axis to establish the second 
mapping table of the two-dimensional digital image and X 
axis according to the first mapping table. 

A detailed description is given in the following 
embodiments with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood 
by reading the subsequent detailed description and 
examples with references made to the accompanying 
drawings , wherein : 

FIG. 1 is a perspective diagram of a conventional 
laser three-dimensional (3D) measurement system; 

FIG. 2 is a perspective diagram of the apparatus for 
calibrating a laser three-dimensional (3D) sensor in 
accordance with the present invention; 

FIG. 3A is a diagram of the flat block at different 
calibrating positions along the Z axis; 

FIG. 3B is a diagram illustrating a digital image 
showing the bright lines at different calibrating 
positions respectively corresponding to FIG. 3A; 

FIG. 4 is a diagram of the flat block rotating an 
angle 9 to calibrating X coordinate; 
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FIG. 5 is a diagram of the flat block rotating at an 
angle d> to calibrate a Y coordinate; 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 2 is a perspective diagram of the apparatus for 
calibrating a laser three-dimensional (3D) sensor in 
accordance with the present invention. Referring to FIG. 
2, the present invention is provided with a laser sensor 
4 capable of emitting a light plane 5, a calibrating 
mechanism 6 and a base plane 7. Firstly, a Cartesian 
coordinate X-Y-Z is defined, wherein the X, Y, and Z axes 
are perpendicular to each other. The laser sensor 4 and 
the calibrating mechanism 6 are fixed to the base plane 
7, wherein the base plane 7 is parallel to XZ plane. 
Moreover, the laser sensor 4 can detect light and 
generate a two-dimensional digital image 8 as shown in 
FIG. 3B. A computer (not shown) connects the laser 
sensor 4 to record and calculate the digital image data. 

As shown in FIG. 2, the calibrating mechanism 6 has 
a flat block 61, a rotating portion 62 and a translating 
portion 63. The flat block 61 is provided with a 
calibrating surface 610 thereon to receive light. The 
laser sensor 4 projects a light plane 5 on the 
calibrating surface 61 forming a bright line 51 while 
calibrating. The laser sensor 4 receives the reflected 
light of the bright line 51 and generates a corresponding 
digital image. The calibration of the present invention 
is accomplished by setting up the laser sensor 4 and 
operating the calibrating mechanism 6. 
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The flat block 61 of the present invention is 
utilized primarily to calibrate. Referring FIG. 2, the 
flat block 61 connects the rotating portion 62, wherein 
the rotating portion 62 connects the translating portion 
5 63. Moreover, the flat block 61 can translate along a 

translating axis 631 by the translating portion 63 and 
rotates along a rotating axis 621 by the rotating portion 
62. As shown in FIG. 2, the translating axis 631 is 
parallel to the Z axis, and the rotating axis 621 is 

10 parallel to the Y axis and perpendicular to the base 

plane 7. In this embodiment, the translating portion 62 
is a linear guild way and the rotating portion 63 is a 
rotating platform driven by a motor connected to a 
reduction mechanism. 

15 The calibration of the present invention is 

described in the following steps: 

Step 1: adjusting the light plane 5 parallel to the 
XZ plane. Thus, each point on the light plane 5 has the 
same coordinate in the Y direction such that the bright 

20 line 51 on the calibrating surface 610 also has the same 

Y coordinate. 

Step 2 : establishing a mapping table of the two- 
dimensional digital image and the Z axis. After step 1 
is complete, the calibrating surface 610 is adjusted 

25 perpendicular to the Z axis by rotating the flat block 61 

and a plurality of calibrating positions in the Z 
direction are predetermined then the flat block 61 
translates along the translating axis 631 through each 
calibrating position sequentially. Thus, a series of 

3 0 digital images of the bright line 51 on the calibrating 
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surface 610 corresponding to each calibrating positions 
is acquired. 

FIG. 3A is a diagram of the flat block 61 at 
different calibrating positions along the Z axis. In 
FIG. 3A, the flat block 61 is driven to translate along 
the Z axis by the translating portion 63. Particularly, 
the light plane 5 emitted from the laser sensor 4 
projects on the calibrating surface 610 sequentially 
forming a bright line 611 at an initial position, a 
bright line 611 at a first position and a bright line 611 
at a second position respectively. Referring to FIG. 3B, 
the digital image 8 having distinct bright lines 81, 82 
and 83 are generated by the laser sensor 4 detecting the 
bright lines 611, 612 and 613, wherein the bright lines 
81, 82 and 83 of the digital image 8 correspond to the 
bright lines 611, 612 and 613 on the calibrating surface 
610 respectively. 

As mentioned above, every distinct digital image 8 
corresponds to each predetermined position in the Z axis 
is acquired. Thus, a unique mapping table of the two- 
dimensional digital image to the Z axis can be 
established and recorded within the measurement scope of 
the laser sensor 4 . 

Step 3: establishing a mapping table of the two- 
dimensional digital image and X axis. After step 2, the 
flat block 61 then rotates an angle 0 along the rotating 
axis 621 at the center of the flat block 61. As the 
mapping table of the two-dimensional digital image to the 
Z axis is determined from step 2, the mapping table of 
the two-dimensional digital image to the X coordinate can 
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also be analogously determined by acquiring the digital 
images, predetermining calibrating positions along the X 
axis and referring to the result of step 2 . 

FIG. 4 illustrates the flat block rotating an angle 
0 to calibrate the X coordinate. As shown in FIG. 4, Zp 
is the coordinate at the center of the flat block 61 in 
the Z direction, and Zm is the coordinate of a point of 
the bright line on the calibrating surface 610 in the Z 
direction. Zm can be determined by the acquired digital 
image and the mapping table of the two-dimensional 
digital image to the coordinate X from step 2 . 
Therefore, as the rotating angle 9 of the flat block 61, 
Zp and Zm are determined, the coordinate dX in the X 
direction of the calibrating surface 610 corresponding to 
Zm can be also determined according to the following 
equation, wherein the center of the flat block 61 is set 
to be the origin. 

dX= (Zp-Zm) cot (9) ; 

According to the equation mentioned above, the flat 
block 61 rotates an angle 9 along the rotating axis 621 
then translates along the Z axis through a plurality of 
calibrating positions predetermined in the Z direction 
sequentially. Subsequently, a series of digital images 
corresponding to each calibrating position can be 
acquired by the laser sensor 4. Thus, a unique mapping 
table of the two-dimensional digital image to the X axis 
is established and recorded within the measurement scope 
of the laser sensor 4 . 

As the light plane 5 has been adjusted parallel to 
the XZ plane, each point of the bright line 51 on the 
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calibrating surface 610 has the same Y coordinate. Thus, 
the two-dimensional digital image mapping to 3D space 
coordinates is achieved. 

However, if step 1 has not been performed or it is 
5 difficult to adjust the light plane 5 to be parallel to 

the XZ plane, the following step 4 analogous to step 3 is 
now required. 

Step 4: establishing a mapping table of the two- 
dimensional digital image and the Y axis. If the light 

10 plane is not parallel to the XZ plane, the flat block 61 

then rotates an angle $ to establish the mapping table of 
the two-dimensional digital image to the Y axis. 

FIG. 5 illustrates the flat block rotating at an 
angle <X> to calibrate the Y axis. As shown in FIG. 5, Zp 

15 is the coordinate of the center of the flat block 61 in 

the Z direction, and Zm is the coordinate of a point of 
the bright line on the calibrating surface 610 in the Z 
direction. Zm can be determined by the acquired two- 
dimensional digital image data stored in the mapping 

2 0 table to the X coordinate from step 2. 

Therefore, as the rotating angle <X> of the flat block 
61, Zp and Zm are determined, the coordinate dY in the Y 
direction of the calibrating surface 610 corresponding to 
Zm can be determined, wherein the center of the flat 
25 block 61 is set to be the origin. 

dY= (Zp-Zm) cot (<&) ; 
According to the equation mentioned above, the 
calibration in the Y direction can be accomplished by the 
flat block 61 rotates at an angle <£> along the X axis then 

3 0 translates along the Z axis through a plurality of 
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predetermined calibrating positions in the Z direction 
sequentially. Analogous to step 3 mentioned above, a 
series of digital images corresponding to each 
calibrating positions in the Z direction can be acquired 
5 by the laser sensor 4. Thus, a unique mapping table of 

the two-dimensional digital image to the Y axis is 
established and recorded within the measurement scope of 
the laser sensor 4 . 

In this embodiment, only a rotating axis 621 in Y 

10 direction is provided. However, when the flat block 61 

rotating along both X and Y axes are required, the 
rotating portion 62 can also be replaced by an angular 
block having an inclined angle of 6 or O to form a 
predetermined angle between the calibrating surface and 

15 the light plane. 

According to the steps mentioned above in the 
present invention, the calibration of 3D space can be 
accomplished by creating the mapping tables of the two- 
dimensional digital image to the X, Y and the Z axis 

20 respectively. Particularly, the mapping table can be 

further completed by filling the blank area between each 
calibrating positions by interpolation. The 3D 

measurement system is more precise because the 
calibrating positions are set more densely. 

2 5 In summary, the present invention provides a method 

and apparatus for calibrating a laser three-dimensional 
(3D) digitizing sensor having a simple calibrating 
mechanism with only a rotating axis and a translating 
axis such that it is easy to set up and operate. The 

30 present invention provides a method of easily installing 
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the laser sensor on a platform without requiring sloped 
suspension of the laser sensor such that it is more 
precise, stable and has a lower frequency of random 
errors. Furthermore, utilizing the mapping tables of the 
two-dimensional digital image to produce 3D coordinates 
can reduce computing time and simplify the calculation 
processes required to fit different kinds of optical lens 
sets . 

While the invention has been described by way of 
example and in terms of the preferred embodiments, it is 
to be understood that the invention is not limited to the 
disclosed embodiments. To the contrary, it is intended 
to cover various modifications and similar arrangements 
(as would be apparent to those skilled in the art) . 
Therefore, the scope of the appended claims should be 
accorded the broadest interpretation so as to encompass 
all such modifications and similar arrangements. 



